ICU incidents involves invasive "line, tube, and drain" (LTD) placement, maintenance, or removal (7) . Currently, there is a lack of monitoring or reporting systems to measure LTD-related incidents.
The U.S. Institute of Medicine concluded that voluntary reporting systems are important to help reduce adverse events (8) . These systems can improve our understanding of what factors contribute to errors and how we may prevent their occurrence. Specifically, multicenter reporting systems may be useful for identifying incidents that are too infrequent for detection by individual centers and for finding patterns in reports that may suggest specific system factors that are responsible (8) .
We developed a voluntary, anonymous Web-based ICU Safety Reporting System (ICUSRS) in partnership with the Society of Critical Care Medicine. The ICUSRS is used to report unsafe conditions and events in ICUs that could or did lead to patient harm (9) . Additional details regarding the ICUSRS are available elsewhere (www.ICUSRS.org) (5) .
This study focused on LTD-related reports during the first year of the ICUSRS, ending June 30, 2003. The objectives of this study were to describe the characteristics of and patient harm associated with LTD incidents and to compare the contributing, limiting, and preventive factors associated with LTD incidents with those of all other non-LTD incidents within the ICUSRS. The non-LTD comparison group used in this study included events related to medication, equipment and medical devices, airway management, processing of physician orders, patient restraints, computer systems, patient falls, and clinician assessment and review of patients. This comparison of LTD with non-LTD incidents helped reveal the system factors that are unique to these LTD-related incidents.
METHODS
The System Factors Approach. The ICUSRS uses a "system factors" approach to study patient safety, focusing on the conditions in which ICU staff work to prevent and minimize medical errors (10 -12) . The three major components relevant to incident reporting are factors leading to an incident ("contributing factors"), factors that minimize the negative impact of an incident ("limiting factors"), and factors that prevent an incident ("preventive factors"). In the ICUSRS, contributing, limiting, and preventive factors are subdivided into seven components: patient, provider, team, training, task, management, and organizational factors (11) . Each of these component factors also has a number of subfactors (Table 1) (11) . Under this taxonomy, patient and organizational component factors are only associated with contributing factors. However, the other five component factors are associated with contributing, limiting, and preventive factors. A specific component factor (e.g., inadequate training) may contribute to an incident, while lack of the same factor may limit or prevent the incident. The ICU staff member at the time he/she reports an event determines the relevant system factors and patient harm related to each incident. As part of the ICUSRS, ICU staff members received training regarding incident reporting using the Web-based data entry system. Coding for the type of incident reported by the ICU staff (e.g., airway) is done centrally by the ICUSRS project team according to a written taxonomy. An example of a system factors analysis for an actual LTD incident from the ICUSRS is described in the Box.
Creation of the Data File of LTD Events. During the first year of the ICUSRS, 16 adult and two pediatric ICUs (mean number of beds ϭ 17) contributed reports. The definition of an LTD incident excluded events related to endotracheal tubes-separately analyzed as part of airway reports (13)-but included all other types of catheters for venous and arterial access, invasive tubes (e.g., chest tube and nasogastric tubes), and drains (e.g., drain for intraabdominal abscess). These reports were extracted to a data file for statistical analysis, and the methodology used herein is similar to that used in a prior ICUSRS analysis (13) . Because incident reporting is done anonymously, two or more reports may be submitted for the same incident. A search for potential duplicate reports was conducted by finding incidents that matched on all of the following 11 variables: confidential identification number of the reporting ICU; incident time, day, month, location, timing (relative to ICU admission), type (LTD vs. non-LTD), and harm (death vs. no death); and patient age category, gender, and mechanical ventilation status at the time of the incident (yes vs. no). Within the ICUSRS, these variables had a low incidence of missing data and are likely to be coded consistently by different reporters. For these potentially duplicate reports, only the first observation was retained for data analysis purposes.
Statistical Analysis. Exploratory data analysis was conducted by tabulating data and performing chi-square tests to compare LTD reports with non-LTD reports for various patient and incident characteristics. ICUSRS data were collected primarily as categorical variables. When many low-frequency categories existed, ICUSRS variables were redefined with fewer categories. Univariable comparisons of LTD with non-LTD reports with respect to incident and patient characteristics and contributing, limiting, and preventive system factors were conducted using simple logistic regression analysis.
The characteristics and system factors that were significant in univariable analyses were included in multivariable logistic regression models in which LTD vs. non-LTD incident was the outcome variable. Multivariable models with patient and incident characteristics were separately created for contributing, limiting, and preventive system factors. Variables were added to multivariable logistic regression models one at a time, starting with incident characteristics, patient characteristics, and then system factors (contributing, limiting, or preventive factors) to determine the impact of individual variables on the magnitude and statistical significance of existing variables in the models. For system factors that were significant in the multivariable models, all of their related subfactors (Table 1) were analyzed, in a univariable manner, with the outcome of LTD vs. non-LTD incident. Significant subfactors were then included in multivariable logistic regression models with the incident and patient factors that were significant in the prior models.
Collinearity of the patient, incident, and system factor variables was evaluated with variance inflation factors (14) . Within the multivariable logistic regression models, sensitivity analyses were performed to determine the impact of assigning missing data to a specific variable category vs. omitting missing data. To test for potential effect modification within the multivariable logistic regression models, relevant interaction terms were included in the analyses on an a priori basis. Goodness of fit of the multivariable logistic regression models was assessed using the Pearson's goodness-of-fit test (14) . Results were considered statistically significant at p Յ .05. STATA version 8.0 (College Station, TX) was used for all analyses. The Johns Hopkins University School of Medicine and the institutional review boards of each of the participating sites granted ethics approval for this research.
RESULTS
During the study period, a total of 854 incidents were reported to the ICUSRS. There were 15 (1.8%) potentially duplicate non-LTD reports found and excluded. The final data set for analysis included 114 LTD and 725 non-LTD reports. Incidents related to securing, checking, and maintaining LTDs represented more than one half of the reports, while incidents related to performing, placement, and clinician removal of LTDs represented 30% of the reported incidents. Issues involving accidental LTD removal by patients occurred in 5% of reports ( Fig. 1) .
Timing, Location, and Reporting of Incidents. ICUSRS reporting was spread relatively evenly over the 7 days of the week, with no difference observed between LTD and non-LTD reports (p ϭ .40). More than 90% of LTD reports occurred in the ICU, with an incident occurring within 2 hrs of ICU admission in 11% of reports and during ongoing ICU care in 89% of reports (p Ͼ .50 for each comparison with non-LTD reports). Events occurring in the operating room represented 7% of reports. Incidents were most commonly reported by a bedside nurse (44%), charge nurse (32%), or ICU physician (12%), with no differences for LTD vs. non-LTD reports (p ϭ .07).
There were several important differences in the characteristics of LTD vs. non-LTD incidents (Table 2) . Specifically, LTD reports occurred more frequently during nighttime hours (p ϭ .009) and hospital holidays (p ϭ .013). In addition, LTD events were less frequently considered preventable (p Ͻ .001) and more frequently reported to patients' family or friends (p Ͻ .001).
Patient Characteristics. The patients with LTD reports differed from the other patients in several characteristics (Table  2) . Compared with non-LTD incidents, LTD incidents were reported more frequently for patients 1-9 yrs of age and less frequently for those older than 54 yrs of age (p Ͻ .001). A higher percentage of patients with LTD reports were African American (p ϭ .033). As expected by the nature of LTD procedures, a greater proportion occurred for surgical patients (p ϭ .003).
Patient Harm. More than one half of the patients with LTD reports sustained a physical injury, discomfort, or a physiologic change, and Ϸ40% sustained psychological distress or had dissatisfied families (Table 2 ). In addition, 23% of patients with LTD reports had an actual or anticipated prolonged hospital stay associated with the incident. Each of these types of patient harm was more common in LTD than in non-LTD incidents (p Յ .013 for each). At the time of incident reporting, one death was attributed to an LTD incident.
Contributing System Factors. On the basis of univariable analyses, patient factors were more likely, and provider and team factors were less likely, to contribute to LTD than to non-LTD incidents (Table 3) . In a multivariable logistic regression model, incident occurrence during nighttime or holiday or in the operating room remained significant (Table  3) . Patient characteristics of undergoing surgery or age of 1-9 yrs also remained Table 4 ). The interaction of nighttime incident occurrence and patient age of 1-9 yrs had an OR of 0.21 (95% CI, 0.06 -0.77) ( Table 4 ), indicating that for this age group, the odds of an LTD (vs. a non-LTD) incident is lower at night.
Limiting and Preventive System Factors. On the basis of univariable analyses, team factors were the only significant limiting system factor for LTD vs. non-LTD incidents. Within multivariable logistic regression models, team factors were less likely to limit the impact of LTD events (OR, 0.56; 95% CI, 0.33-0.97), while the "communications during routine care" team subfactor also was significant (OR, 0.28; 95% CI, 0.11-0.68) (results not shown).
For prevention of LTD vs. non-LTD events, provider factors had an OR of 0.47 (95% CI, 0.29 -0.75) within the multivariable logistic regression model (Table 3) . Among provider subfactors, "knowledge and skills" was more likely, and "fatigue" was less likely, to prevent LTD than non-LTD incidents (Table 4) .
DISCUSSION
This study presents new findings from the ICUSRS, focusing on 114 reported LTD-related incidents compared with 725 non-LTD incidents. Of LTD events, Ͼ60% were considered preventable. Patient harm frequently occurs with LTD incidents. In comparison with non-LTD reports, important contributors to LTD incidents are patient's medical condition and age (1-9 yrs) and specific characteristics of the incident, including occurBox. Example of a system factors analysis for a "line, tube, and drain" incident
Case summary
An elderly woman was being cared for in an intensive care unit (ICU) due to airway obstruction from a tumor. A percutaneous feeding tube had been placed previously, and the patient was receiving multiple intravenous infusions. On a weekend, a 40-mEq dose of potassium chloride was ordered via the feeding tube. The pharmacist dispensed potassium chloride in tablet form and instructed the nurse to crush the tablet for administration via the feeding tube. After the potassium chloride was given, the feeding tube became obstructed and remained obstructed despite repeated attempts at dissolving the tablet and trying to physically "milk" the tube. Endoscopic replacement of the feeding tube was not possible due to the patient's obstructive tumor. Consequently, the patient required surgical placement of a new feeding tube.
System factors contributing to the incident
Type of Factor and Subfactors Case Example

Patient
Medical condition and complexity A neck tumor complicated the patient's enteral access for feeding and medication administration Provider Knowledge, skills, and competence The pharmacist and nurse lacked necessary knowledge regarding medication administration through a feeding tube
Team
Verbal/written communication during routine care
The patient's complex enteral access for medication administration was not communicated to the pharmacist Supervision and seeking help
The nurse did not seek help from an experienced ICU team member to guide appropriate administration of the medication Training Knowledge, skills, and competence
The pharmacist and nurse were not trained regarding administration of tablets via a feeding tube Task Availability of protocols There was no hospital protocol for flushing or medication administration via a feeding tube
Opportunities to Improve Patient Safety Policy and procedures
• Implement the appropriate protocol for administration of medication through a feeding tube, including use of liquid formulations (when available) and dissolving tablets before administration. Include in this protocol heightened awareness for patients with difficult enteral access and relevant complex medical conditions • Implement a step-by-step protocol for flushing a feeding tube Training and education • Train all ICU staff in the appropriate care and maintenance of feeding tubes rence at night or on a hospital holiday. Provider knowledge and skills are more likely to prevent LTD than non-LTD incidents, and communication-related team factors are less likely to limit LTD incidents when they occur. These findings provide insights for improving LTD safety for critically ill patients.
Several studies in the United States and elsewhere support the ICUSRS findings. As observed with LTD incidents, other types of errors also occur more frequently on hospital holidays, such as those related to nursing care (15) . The increased frequency of LTD incidents associated with surgical patients and occurring in the operating room is expected given that tubes and drains are often placed in an operative setting. The importance of patient-related factors, including young age and medical complexity, in contributing to ICU incidents has been highlighted previously by the ICUSRS and other investigators (13, 16 -22) . Specifically, in the 1-to 9-yr-old age group, anatomical considerations, including a potential increased frequency of anatomical variation of major blood vessels, may contribute to increased catheter-related incidents, although a complete understanding of the mechanisms is not known (19) .
The relative increased frequency of LTD incidents during nighttime hours may result from an increased frequency of non-LTD activities (and associated incidents) during the daytime. For example, non-LTD activities such as prescribing medication occur more frequently during the daytime, and because of this, in comparison, LTD incidents may appear more common at night (13, 22) . However, the OR for nighttime LTD incidents among patients aged 1-9 yrs was 0.21 ( Table 4 ), indicating that, in this specific age group, LTD incidents are relatively more common during the daytime. Patients in this age group are more active, especially during daytime hours. They are stronger than younger patients (younger than 1 yr of age) but also less able to understand the need for LTD devices than older patients (older than 9 yrs of age). In addition, the LTDs used in these patients (e.g., central catheters and oral gastric tubes) are shorter, more flexible, and less easily secured than adult LTDs. When combined, these patient and devicerelated factors may lead to a greater incidence of partial or complete dislodgment, removal, or compromise of the LTD, yielding a higher incidence of LTD events during daytime hours.
Provider "knowledge and skills" was more important in preventing, and team "routine communication" was less important in limiting, LTD than non-LTD incidents. This finding may be a reflec- Figure 1 . Classification of "line, tube, and drain" (LTD) reports in the Intensive Care Unit Safety Reporting System. Performing, incident associated with the act of performing an LTD procedure from start to finish; placement, incident associated with the location of the LTD after completion of the procedure; Acc., accidental patient removal of the LTD; "other" includes, incidents related to the Seldinger technique or other introducing wire (1.8%). Each of the 114 LTD reports could be classified in more than one category. tion that many LTD-related procedures depend on the skill of the individual clinician performing the procedure rather than on a team-oriented, communication-critical, multidisciplinary ICU process (23) . Similarly, the dependence of LTDs on a particular individual may make it more difficult for ICU staff to evaluate the role of specific provider factors in preventing LTD incidents and explain why provider fatigue was less important as a preventive factor when compared with non-LTD incidents. Nonetheless, on the basis of these data, prevention efforts should focus on individual and institution-wide measures to maintain and improve clinicians' knowledge and skills. Because the ICUSRS is a voluntary, anonymous safety reporting system, there are inherent limitations to this research design (13) . First, incomplete reporting of ICU incidents is likely to occur (6, 12) . In addition, the number of patient days under observation is not available within the ICUSRS. As a result, the incidence of LTD events cannot be calculated. However, incidence measures have been previously reported (7, 19, 21) , and safety research should now focus on finding causes of the problem through system factors analysis as done by the ICUSRS.
Second, the voluntary nature of ICUSRS reporting may result in a biased sample of incident reports. Furthermore, different healthcare providers may provide different information on a single ICU incident (20) . However, these potential biases may result in the reported incidents being the most remarkable or severe, thus providing the greatest opportunity for learning through system factors analysis. The consistency of the findings from our current and prior study (13) with those previously reported suggests that these limitations are unlikely to have a material impact on interpretation of our results. Despite the limitations of this research design, the need for safety reporting systems that are voluntary, anonymous, nonpunitive, and multidisciplinary is not reduced (3, 21, 22, 24) .
Third, as ICU safety reporting systems evolve, the taxonomy will continue to develop and change. For example, we chose to group LTD events as a single type of incident. However, if future detailed analysis of a larger sample of incidents indicates that catheter-related events should be independently reported, then the taxonomy for recording and grouping LTD incidents will change. Only greater time and experience will help indicate the optimal incident-reporting taxonomy.
CONCLUSIONS
In summary, the ICUSRS has provided important information on the system factors contributing to, limiting, and preventing LTD-related incidents in critically ill patients. Most of these incidents are preventable and frequently cause patient harm, family dissatisfaction, and increased hospital stay. Hospital holidays, patient complexity, and young age are the most important factors contributing to LTD vs. non-LTD incidents. Given that LTD procedures are often dependent on a single individual, ICU team and communication factors are less likely to limit these incidents. However, provider knowledge and skills are important in preventing LTD vs. non-LTD incidents. Managers and clinicians should focus on these high-risk patient and incident characteristics and ensure that provider knowledge and skills are maintained and further developed to minimize these adverse events and improve quality of care.
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